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OLJKWIOHFNVWRPDWD246 
UHVSRQGDIWHUDVVLPLODWLRQDQGWKDWVORZHUVWRPDWDOUHVSRQVHVWROLJKWDQGVKDGHIOHFNVFDQ247 
VXEVWDQWLDOO\OLPLWWKHZDWHUXVHRSWLPDOLW\RIOHDYHVVHHGHGLFDWHGSDUDJUDSKEHORZ:HDOVR248 
VKRZWKDWOLJKWLQGXFWLRQRIK3/$17GRHVQRWUHGXFHg6WKURXJKHIIHFWVRIGHFUHDVHGOHDIOHYHOZDWHU249 
DYDLODELOLW\2XUPRGHODOORZHGDFFXUDWHVLPXODWLRQRIVWHDG\VWDWHSKRWRV\QWKHWLFDQGVWRPDWDO250 
UHVSRQVHVWRFKDQJHVLQPPFDLQIRXU&VSHFLHVDWPRVSKHULF>&2@VRLOPRLVWXUHDQGHYDSRUDWLYH251 
GHPDQG)LJXUHV±DVZHOODVG\QDPLFUHVSRQVHVWROLJKWIOHFNVIROORZLQJWKHLQFRUSRUDWLRQRI252 
WLPHH[SOLFLWFRQVWUDLQWVRQJ$73DQGĲ)LJXUH253 
7KHK\GURPHFKDQLFDODQGELRFKHPLFDOUDWLRQDOHXQGHUSLQQLQJWKHVWRPDWDOPRGHOLVGHVFULEHG254 
IXOO\LQ%XFNOH\HWDODQGZHIROORZHGWKHVLPSOLILHGLPSOHPHQWDWLRQRI5RGULJXH]255 
'RPLQJXH]IRUZLGHUDSSOLFDELOLW\,QWKLVIRUPXODWLRQDQ\WXUJRUGLIIHUHQFHRUK\GUDXOLF256 
UHVLVWDQFHEHWZHHQJXDUGDQGHSLGHUPDOFHOOVLVQHJOHFWHGDQGDOOTXDQWLWLHVFDQEHPHDVXUHGH[FHSW257 
RQHFRPELQHGSDUDPHWHUȤȕWKDWFDQEHILWWHG7KHUHODWLYHVLPSOLFLW\RIWKHPRGHOOLQJDSSURDFK258 
DQGWKHHTXDWLRQVZHKDYHGHULYHGPDNHWKHPVXLWDEOHIRULPSOHPHQWDWLRQLQODUJHUVFDOHYHJHWDWLRQ259 
PRGHOOLQJ260 
,QWKHVWRPDWDOPRGHOg6LVSURSRUWLRQDOWRVWRPDWDODSHUWXUHZKLFKLVLQWXUQJRYHUQHGE\261 
FKDQJHVLQJXDUGFHOODQGHSLGHUPDOWXUJRU)UDQNVHWDO7KHPRGHOLVEDVHGRQWKH262 
K\GURDFWLYHIHHGEDFNK\SRWKHVLVWKDWSDVVLYHVKLIWVLQJXDUGFHOOWXUJRUFDXVHGE\FKDQJHVLQOHDI263 
ZDWHUEDODQFHDUHDPSOLILHGE\DFWLYHDGMXVWPHQWRIJXDUGFHOORVPRWLFSUHVVXUHLQSURSRUWLRQWR264 
OHDIWXUJRU7KHXOWLPDWHUHVXOWLVWKDWgVLVSURSRUWLRQDOWROHDIWXUJRUDOOHOVHEHLQJHTXDO7KLV265 
DVVXPSWLRQLVZHOOVXSSRUWHGE\H[SHULPHQWDOHYLGHQFHDQGDSSDUHQWO\LQYROYHVOHDIHQGRJHQRXV266 
$%$V\QWKHVLV>VHH%XFNOH\@/HDIWXUJRUYDULHVIURPDPD[LPXPʌHWR]HURPHGLDWHGE\267 
WKHHTXLOLEULXPEHWZHHQZDWHUGHPDQGD6DQGg6DQGZDWHUVXSSO\GHSHQGHQWRQȌ6RLODQG268 
K3/$177KHODWWHUZDVPHDVXUHGXQGHUJURZWKFRQGLWLRQVXQGHUDVPDRIa.3DDQGFDOFXODWHG269 
XVLQJRSHUDWLRQDOWUDQVSLUDWLRQPHDVXUHPHQWVPDGHXQGHUWKHVDPHFRQGLWLRQV$URXQGWKHOHYHORI270 
K3/$17IRXQGIRUPDL]H7DEOHWKHPRGHOZDVUHODWLYHO\LQVHQVLWLYHWRYDULDEOHK3/$17)LJXUH271 
6:KHQK3/$17ZDVLQFUHDVHGE\PD[LPXPg6GHFUHDVHGE\RQO\aDQGvice versa272 
KRZHYHUWKHVSHFLILFUHVSRQVHWR>&2@PPFDVPDRUȌ6RLOZDVQRWDIIHFWHG)XUWKHUPRUHLQ273 
VLPXODWLRQVXVLQJYDULDEOHK3/$17GHFUHDVLQJZDWHUDYDLODELOLW\XQGHUORZOLJKWGLGQRWORZHUg6274 
)LJXUH6+LJKHUVHQVLWLYLWLHVZHUHIRXQGDWORZHUYDOXHVRIK3/$17)LJXUH6LQGLFDWLQJDVKLIW275 
IURPELRFKHPLFDOWRK\GUDXOLFFRQWURORYHUg6ZKLFKPD\RFFXUIRULQVWDQFHXQGHUZDWHUVWUHVV276 
ZKHUH[\OHPFDYLWDWLRQFDXVHVVHYHUHG\QDPLFGHFOLQHVLQK3/$17277 
 ? ?

,QWKHPRGHOȤȕVFDOHVWKHVWUHQJWKRIWKHK\GURDFWLYHORRSWRWKHWXUJRUPHGLDWHGK\GURSDVVLYH278 
IHHGEDFN,QWHUVSHFLILFGLIIHUHQFHVLQVWRPDWDOUHVSRQVHVEHWZHHQPDL]HDQGWKUHHRWKHUJUDVV279 
VSHFLHVZHUHVXFFHVVIXOO\GHVFULEHGVLPSO\E\YDU\LQJȤȕ,QPRVWDQJLRVSHUPVWKHK\GURSDVVLYH280 
IHHGEDFNKDVEHHQLGHQWLILHGDVWKHPDLQGHWHUPLQDQWLQWKHUHJXODWLRQRIVWRPDWDOFRQGXFWDQFH281 
PHGLDWHGE\K\GUDXOLFFRQGXFWDQFH%XFNOH\%URGULEEDQG0F$GDP&SODQWVPD\282 
KDYHVKLIWHGWKHLUFRQWURORIVWRPDWDODSHUWXUHWRZDUGVDFORVHUOLQNZLWKSKRWRV\QWKHVLVGULYHQE\283 
LPSURYHGZDWHUHFRQRP\7KLVPD\DOORZWLJKWHUVWRPDWDOFRQWUROEXWUHTXLUHVLQFUHDVHGZDWHU284 
VXSSO\DWOHDIOHYHOQuirk et alXQGHUUHYLHZ7KHUHVXOWLQJLPSURYHPHQWLQZDWHUUHODWLRQVPD\285 
KDYHFRQVWLWXWHGDNH\HYROXWLRQDU\GULYHURI&SKRWRV\QWKHVLVDQGHYHQRIJUDVVHVLQJHQHUDO>VHH286 
EHORZDQG2VERUQHDQG6DFN*ULIILWKVHWDO@,QIDFWSULRUWRWKHHYROXWLRQRI&LWLV287 
ZHOOUHFRJQLVHGWKDWLPSURYHGSODQWK\GUDXOLFVFRQIHUUHGEHQHILWVWKURXJKWKHGHFUHDVHRI288 
LQWHUYHLQDOGLVWDQFHDQGWKHDFTXLVLWLRQRIDODUJHU%62VERUQHDQG6DFN*ULIILWKVHWDO289 
%HOODVLRDQG/XQGJUHQ290 
6WHDG\VWDWHJXDUGFHOORVPRWLFSUHVVXUHLVDOVRSURSRUWLRQDOLQWKHPRGHOWRτDTXDQWLW\UHODWHG291 
WRWKH$73FRQFHQWUDWLRQLQWKH%6FKORURSODVW7KHTXDQWLW\τLVDPHDVXUHRIWKHEDODQFHEHWZHHQ292 
WKHOLJKWDQGGDUNUHDFWLRQVRISKRWRV\QWKHVLVFDSWXULQJVWRPDWDOUHVSRQVHVWRIDFWRUVWKDWDUH293 
WKRXJKWWREHPHGLDWHGSDUWO\E\SKRWRV\QWKHWLFSURFHVVHVHJOLJKWDQG&2,QRXUPRGHOτLV294 
VLPXODWHGHPSLULFDOO\XVLQJDPRGHOIRUPHVRSK\OOFKORURSODVWLF$73FRQFHQWUDWLRQRULJLQDOO\295 
GHULYHGIRU&SODQWVE\)DUTXKDUDQG:RQJ7DXLVSUHGLFWHGWKURXJKFRQVWUDLQWVRQ3*$296 
UHGXFWLRQ5X%3UHJHQHUDWLRQDQGWKH533F\FOHFROOHFWLYHO\&DFWLYLW\ZKLFKDUHYDOLGLQ&297 
SODQWV+HUHWKH&DFWLYLW\LVVKDUHGEHWZHHQWKH0DQGWKH%6FKORURSODVWV%HOODVLRDQG298 
*ULIILWKVF%HOODVLRDQGĲWKHUHIRUHFROOHFWLYHO\GHVFULEHVWKHHQHUJ\VWDWXVRIWKH0299 
DQGWKH%6300 
7DXEHKDYHVLQDPDQQHUEURDGO\FRQVLVWHQWZLWKHYLGHQFHVXJJHVWLQJWKDWVWRPDWDUHVSRQGWR301 
VRPHPHDVXUHRIWKHSRLVHEHWZHHQWKHVXSSO\DQGGHPDQGIRUHQHUJ\FDUULHUVLQSKRWRV\QWKHVLV302 
:RQJ0HVVLQJHUHWDO%XVFK0RWWHWDO±LHLQFUHDVLQJZLWKPPFD303 
DQGGHFUHDVLQJZLWKCL7KHXVHRIτDVDSUHGLFWRURIVWRPDWDOEHKDYLRXULVHPSLULFDOO\EDVHG304 
ZKLFKLVMXVWLILHGE\LWVFDSDFLW\WRSUHGLFWSDUDOOHOHYHQWVRFFXUULQJLQ0RU%6FKORURSODVWVDV305 
ZHOODVLQJXDUGFHOOVEXWQRGLUHFWFRQQHFWLRQLVLPSOLHG>IRUDGHWDLOHGGLVFXVVLRQVHH)DUTXKDU306 
DQG:RQJ@8OWLPDWHO\WKHPHFKDQLVPRIWKHVWRPDWDOUHVSRQVHLVQRWIXOO\XQGHUVWRRG307 
%XFNOH\DQGLWLVWKHUHIRUHQRWFOHDUZKHWKHUWKHτPRGHOIDLWKIXOO\UHSOLFDWHVWKH308 
PHFKDQLVWLFXQGHUSLQQLQJV)RUH[DPSOHWKHτIRUPXODWLRQDVVXPHVWKDWWKHSRWHQWLDOFDSDFLWLHVIRU309 
$73JHQHUDWLRQDQGFRQVXPSWLRQVHQVHGE\WKHTXDQWLWLHVV&-DQGV&&UHVSHFWLYHO\DUH310 
LQGHSHQGHQWRIRQHDQRWKHU5HDOLVWLFDOO\KRZHYHUWKHDFWXDOUDWHRIJ$73ZLOOSURPSWO\UHVSRQGWR311 
DGHFUHDVHLQCLPHGLDWHGE\DQLQFUHDVHLQQRQSKRWRFKHPLFDOHQHUJ\GLVVLSDWLRQZKLOHWKH312 
DFWLYLW\RIOLJKWUHDFWLRQVZLOOSURPSWO\UHVSRQGWRSKRWRSKRVSKRU\ODWLRQOHYHOV.UDPHUHWDO313 
 ? ?

)R\HUHWDO$GGLWLRQDOO\WKHτPRGHOGRHVQRWVLPXODWHUHVSRQVHVWREOXHOLJKWZKLFK314 
DUHLQGHSHQGHQWRISKRWRV\QWKHVLV6KLPD]DNLHWDOQRUWKHUROHRIVWDUFKGHJUDGDWLRQLQ315 
VWRPDWDOIXQFWLRQ+RUUHUHWDO1HYHUWKHOHVVRXUUHVXOWVVXJJHVWWKDWĲLVDUHOLDEOHSUHGLFWRU316 
RIVWRPDWDOEHKDYLRXULQ&SODQWVDVLWKDVSURYHGWREHLQPDQ\&SODQWV%XFNOH\HWDO317 
'LD](VSHMRHWDO5RGULJXH]'RPLQJXH]HWDO318 
Response to light and shade flecks 319 
7KHVWHDG\VWDWHIRUPXODWLRQRIWKHPRGHOLQKHUHQWO\SUHFOXGHVGLUHFWSUHGLFWLRQRIG\QDPLF320 
IHDWXUHVVXFKDVWKHDSSURDFKRIVWRPDWDOFRQGXFWDQFHWRDQHZVWHDG\VWDWHIROORZLQJDFKDQJHLQ321 
PPFD7RRYHUFRPHWKLVOLPLWDWLRQZHH[WHQGHGWKHPRGHOWRVLPXODWHG\QDPLFUHVSRQVHVZLWKD322 
QHZO\GHULYHGIUDPHZRUNZKLFKIXVHGWKHVLPSOLFLW\RIWKHDSSURDFKRI9LDOHW&KDEUDQGHWDO323 
ZLWKWKHULJRXURI*URVVHWDO7KHSULQFLSOHRIWKLVG\QDPLFPRGHOLVWKDWJ$73324 
UHVSRQGVLQVWDQWDQHRXVO\ZKHQPPFDGHFUHDVHVEXWZLWKDGHOD\ZKHQPPFDLQFUHDVHV6LPLODUO\325 
VWRPDWDZLOOUHVSRQGWRDQ\SHUWXUEDWLRQZLWKDGHOD\GXHWRWKHNLQHWLFVRIDGMXVWPHQWRIJXDUGFHOO326 
RVPRWLFSUHVVXUHEXWWKHWLPHFRQVWDQWIRUWKDWGHOD\FDQGLIIHUEHWZHHQRSHQLQJDQGFORVLQJ327 
PRYHPHQWV/DZVRQDQG%ODWW7KHPRGHOFDSWXUHVWKHG\QDPLFVRIVWRPDWDOUHVSRQVHVWR328 
OLJKWDQG&2RQWKHWLPHVFDOHRIPLQXWHV$OWKRXJKRXUIRUPXODWLRQGRHVQRWLQFRUSRUDWHWKH329 
WUDQVLHQWµZURQJZD\UHVSRQVHV¶::5RIgVIROORZLQJFKDQJHVLQOHDIZDWHUVWDWXVZHQRWHWKDW330 
::5GXUDWLRQYDULHVZLGHO\DFURVVVSHFLHV%XFNOH\HWDODQGRXUPRGHOPD\SURYH331 
DGHTXDWHIRUVSHFLHVZLWKVKRUW::5V:HGLGQRWDWWHPSWWRDVVHVVWKLVIRUPDL]H,QIXWXUH332 
VWXGLHVRISKRWRV\QWKHWLFHIILFLHQF\DWWLPHVFDOHVVKRUWHUWKDQRQHPLQXWH>HJ3HDUF\HWDO333 
@WKHH[SOLFLWFDOFXODWLRQRIPHWDEROLWHSRROVZKLFKKDYHDFHQWUDOUROHLQ&SKRWRV\QWKHVLV334 
6WLWWDQG=KXZLOOEHNH\)XUWKHULQRXUVLPSOLILHGGD\RWKHUGD\WLPHIDFWRUVZKLFKPD\335 
LQIOXHQFHg6G\QDPLFVOLNHOHDIWHPSHUDWXUHDQGVPDDVZHOODVFLUFDGLDQUK\WKPVZHUHQRW336 
DFFRXQWHGIRU337 
7KHG\QDPLFVWRPDWDOUHVSRQVHIROORZLQJDQLQFUHDVHLQPPFDW\SLFDOO\KDVWKUHHSKDVHVDOORI338 
ZKLFKRXUPRGHOUHOLDEO\VLPXODWHG)LJXUHDQLQGXFWLRQRUODJXSWRPLQDSHULRGRI339 
LQFUHDVLQJgVDQGDSODWHDX/DZVRQDQG%ODWW2XUPRGHOVXJJHVWVWKHODJSKDVHPD\UHVXOW340 
PHFKDQLVWLFDOO\IURPWKHODJLQ$73SURGXFWLRQLQOLQHZLWKWKHFRQFOXVLRQVRI%DUUDGDVDQG-RQHV341 
7KHGXUDWLRQRIWKHVHSKDVHVDQGWKHVSHHGRIVWRPDWDOPRYHPHQWVKDYHLPSRUWDQW342 
LPSOLFDWLRQVIRU133DQGWUE&URSVZLOOH[SHULHQFHOLJKWDQGVKDGHIOHFNVDFURVVWKHFDQRS\DV343 
DUHVXOWRIFKDQJHVLQFORXGFRYHUDQGVRODUDQJOHDVZHOODVVHOIVKDGLQJRUVKDGLQJE\344 
QHLJKERXULQJSODQWV/DZVRQDQG%ODWW/DJWLPHVUHSRUWHGIRU&SODQWVVXJJHVWWKDWORQJHU345 
VKDGHLQWHUYDOVPD\LQGXFHVORZHUVWRPDWDORSHQLQJXSRQUHLOOXPLQDWLRQWKDQVKRUWHUVKDGH346 
LQWHUYDOV/DZVRQDQG%ODWW2XUPRGHOFDQDFFRXQWIRUWKHGXUDWLRQRIVKDGHLQWHUYDOVE\347 
YDU\LQJWKHWLPHFRQVWDQWVIRUUHVSRQVHVRIERWKVWRPDWDDQGJ$73'XULQJDORQJVKDGHLQWHUYDOg6348 
ZLOOPRUHFORVHO\DSSURDFKVWHDG\VWDWHFORVXUHEXWLWZLOODOVRWDNHORQJHUWRUHDFKVWHDG\VWDWH349 
 ? ?

XSRQUHLOOXPLQDWLRQ&RQYHUVHO\GXULQJDVKRUWOLYHGVKDGHIOHFNg6ZLOOUHPDLQIXUWKHUIURP350 
VWHDG\VWDWHFORVXUHHQDEOLQJVWRPDWDWRUHRSHQPRUHTXLFNO\XSRQUHLOOXPLQDWLRQ,WLVDOVR351 
LPSRUWDQWWRQRWHWKDWEHFDXVHWKHPRGHOOHGVWRPDWDOUHVSRQVHGHSHQGVRQĲZKLFKLVDIXQFWLRQRI352 
J$73WKHPRGHOSUHGLFWVWKDWg6ZLOODOZD\VODJEHKLQGSKRWRV\QWKHWLFDFFOLPDWLRQ,IWKLVSUHGLFWLRQ353 
LVFRUUHFWWKHQSHUIHFWV\QFKURQLFLW\EHWZHHQSKRWRV\QWKHWLFDQGg6LQGXFWLRQG\QDPLFV±ZKLFK354 
ZDVLGHQWLILHGDVDGHVLUDEOHWDUJHWIRUVWRPDWDOPDQLSXODWLRQ/DZVRQDQG%ODWW±LV355 
LPSRVVLEOH356 
7RLOOXVWUDWHWKHEURDGHULPSOLFDWLRQVRIVWRPDWDOUHVSRQVHVSHHGZHVLPXODWHGDGD\WLPHPPFD357 
F\FOHDWVUHVROXWLRQZLWKWHQHTXDOO\VSDFHGµFORXGVSHOOV¶RIPLQGXUDWLRQDQGPPFDRI358 
WKWKDWRIWKHµFOHDUVN\¶LQWHQVLW\DWDJLYHQWLPHRWKHULQSXWVDUHJLYHQLQ7DEOH7KHWLPH359 
FRQVWDQWVIRUVWRPDWDOUHVSRQVHVZHUHVHWDWWKUHHOHYHOVWKDWEUDFNHWHGWKHNLQHWLFVGHULYHGIRU360 
PDL]HLQWKLVVWXG\ZLWKXSSHULQVWDQWDQHRXVDQGORZHUERXQGV>YDOXHVGHULYHGIRUArabidopsis 361 
thaliana 9LDOHW&KDEUDQGHWDO@ZKLOHWKHWLPHFRQVWDQWVIRUJ$73UHVSRQVHVZHUHNHSWDW362 
PDL]HSK\VLRORJLFDOOHYHOV2XUFDOFXODWLRQVVKRZWKDWLIVWRPDWDUHVSRQGHGLQVWDQWDQHRXVO\WR363 
FKDQJHVLQPPFDWRWDOFDUERQJDLQRYHUWKHGD\ZRXOGLQFUHDVHE\XVLQJPDL]HgVNLQHWLFVRU364 
XVLQJArabidopsis gVNLQHWLFV)LJXUH,OHIWZKLOHWRWDOZDWHUORVVRYHUWKHGD\ZRXOG365 
LQFUHDVHE\)LJXUH-OHIWUHGXFLQJZKROHGD\WUEE\aLQERWKFDVHV366 
7KHZDWHUVDYLQJVLQWKHVORZUHVSRQVHVLPXODWLRQVUHVXOWIURPWKHDV\PPHWU\EHWZHHQVWRPDWDO367 
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